Water intake occurs following a period of high intensity intermittent exercise (HIIE) due to 19 sensations of thirst yet this does not always appear to be caused by body water losses. Thus, 20 the aim was to assess voluntary water intake following HIIE. Ten healthy males (22±2y, 21 75.6±6.9kg, V O 2peak 57.3±11.4ml.kg -1 .min -1 ) (mean±SD) completed two trials (7-14d apart). 22
Subjects sat for 30min then completed an exercise period involving 2min of rest followed by 23 1min at 100%V O 2peak repeated for 60min (HIIE) or 60min continuously at 33%V O 2peak (LO) . 24
Subjects then sat for 60min and were allowed ad libitum water intake. Ten healthy male subjects (age 22 ± 2 years, mass 75.6 ± 6.9 kg, height 1.78 ± 0.08 m, V 112 O 2peak 57.3 ± 11.4 ml.kg -1 .min -1 ) (mean ± SD) were recruited to take part in two trials, 113 undertaken in a counter-balanced order. All subjects had the experimental protocol explained 114 to them verbally and in writing. Subjects provided written informed consent and the 115 experiment was approved by the Loughborough University Ethical Advisory Committee. 116 117
Experimental protocol 118
Subjects were asked to visit the laboratory on four separate occasions for a V O 2peak test, a 119 familiarisation trial and two experimental trials; high intensity intermittent (HIIE) and 120 continuous (LO) exercise. During the first visit V O 2peak was measured using a discontinuous 121 incremental test to volitional fatigue on an electrically braked cycle ergometer (Lode Corival; 122
Lode BV, Groningen, Netherlands). During the final minute of each four minute incremental 123 stage, expired gas was collected in Douglas bags and analysed for oxygen and carbon dioxide 124 concentration (Servomex 1400 Oxygen and Carbon Dioxide Gas Analyser; Servomex, 125 6 Experimental trial order was decided by incomplete Latin square design and subjects did not 141 know which trial they were participating in when arriving at the laboratory for the first trial. 142
143
In each trial, on arrival, subjects voided and the whole urine volume was measured and a 5 ml 144 sample retained for later analysis and had nude body mass measured. Subjects were asked to 145 insert a rectal thermistor 10 cm past the anal sphincter. Skin thermistors were attached at the 146 chest, tricep, thigh and calf and a heart rate monitor was positioned (Polar Vantage; Kempele, 147 Finland). Core (T c ) and skin temperature (T sk ) were measured continuously throughout the 148 trials and a minute average was taken every 10 min (BIOPAC MP100 System; BIOPAC, 149 Santa Barbara, CA, USA). Mean weighted skin temperature was calculated using the 150 formula outlined by Ramanathan (1964) . Subjects sat for 30 min to account for postural 151 alterations in blood volume at 19.7 ± 1.1°C and 30.7 ± 10.5% relative humidity (RH). 152
Baseline heart rate values every 10 min were recorded and a 100 mm visual analogue 153 subjective feelings questionnaire comprising of thirst and dry mouth scales was administered 154 at the completion of the 30 min seated rest (0 mm = not all thirsty/mouth not at all dry, 100 155 mm = very thirsty/mouth very dry). During the rest period a 21g cannula (Surflo, Terumo, 156
Leuven, Belgium) was inserted into a superficial vein on the forearm to allow venous blood 157 sampling. The line was flushed with 2-3 ml of heparinised saline. A baseline (B) blood 158 sample (7.5 ml) was collected at the end of the rest period. Subjects then cycled for a period 159 of 60 min in 24.9 ± 0.7°C and 51.1 ± 2.1% RH. In the HIIE trial, they rested for 2 min and 160 then performed 1 minute of cycling at a power output attempted to equal the maximum 161 power achieved when recording V O 2peak (305 ± 55 W), however exact total work performed 162 during the HIIE trial was not measured. This was repeated 20 times during the 60 minute 163 period. In the LO trial, subjects cycled continuously at 33% of their peak power output for 164 60 min (102 ± 18 W). Every 10 min in the LO trial, heart rate was recorded and subjects 165 were asked to provide a rating of their perceived exertion (RPE) and thermal sensation. In 166 the HIIE trial, this was performed at the end of a HIIE bout closest to the completion of a 10 167 min period. Immediately following completion of exercise (post-exercise, PE), a blood 168 sample (7.5 ml) was collected and thirst and dry mouth subjective feelings questionnaires 169 were completed. Subjects were then seated for 60 min in 21.2 ± 1.8°C and 29.5 ± 10.3% RH 170 with tap water (11 ± 3°C) intake measured during each 30 minute period. The amount of 171 water consumed was measured but the subject was not made aware of the volume or that the7 informed at the commencement of the recovery period that they could drink as they wanted 174 and that the bottle would be refilled if necessary. Heart rate and thermal sensation were 175 measured every 10 min. At 5, 15, 30 and 60 min a blood sample (7.5 ml) was collected and 176 thirst and dry mouth subjective feelings questionnaires were completed. Subjects voided, the 177 volume was measured and a 5 ml sample was retained for later analysis and they then had 178 nude body mass measured. After completion of the body mass measurement, subjects were 179 allowed to leave the laboratory. Ambient temperature and relative humidity was measured at 180 10 minute intervals (RH85 Digital Thermo-Hygrometer; Omega, Manchester, UK). between the LO and HIIE trials was positively correlated with the increased sweat losses that 244 also occurred (r=0.731, p=0.534). Expressed as a percentage, the amount of water lost that 245 was replaced was higher in the HIIE trial compared to the LO trial (44 ± 29 v 35 ± 34%; 246 p=0.012). In the HIIE trial, one subject drank more than the water lost (104%), and the next 247 highest replacement value was 77%. In the LO trial, two subjects replaced 90-100% with the 248 remaining subjects replacing less than 51% of the water lost during exercise. Negating water 249 intake, body mass losses from baseline would have been similar: 1.34 ± 0.36% in the HIIE 250 trial and 1.26 ± 0.39% in the LO trial (=0.205), with only one subject in both trials losing 251 enough water to elicit a greater than 2% body mass loss. The difference in percentage body 252 mass lost when water was included and negated in the calculation was greater in the HIIE 253 trial (p<0.0001). There was no difference in urine output at the end of the trial (0.23 ± 0.12 v 254 0.28 ± 0.12 l for HIIE and LO trials respectively; p=0.203). Core temperature peaked at the end of exercise in both the HIIE (38.2 ± 0.3°C) and LO (37.6 325 ± 0.3°C) trials. Core temperature was greater at 30, 40, 50 and 60 min of the exercise period 326 and remained elevated after the first 10 min of the recovery period in the HIIE trial compared 327 to the LO trial (p<0.05). Skin temperatures were similar between trials at all time points and 328 mean skin temperature over the duration of the trials was similar (31.6 ± 1.1 v 31.6 ± 1.2°C 329 for HIIE and LO trials respectively) (p>0.05). 330
331
Heart rate, rating of perceived exertion and thermal sensation 332
During the exercise period of the trials, heart rate was significantly higher during the HIIE 333 trial (158 ± 12 v 110 ± 10 beats.min -1 , p<0.0001), with differences occurring at 10, 20, 30, 334 40, 50 and 60 min of exercise. Thermal sensation was higher after 20 (5 ± 1 v 3 ± 1, 335 p<0.0001), 30 (6 ± 1 v 4 ± 1, p<0.0001), 40 (6 ± 1 v 4 ± 1, p<0.0001), 50 (6 ± 1 v 4 ± 1, 336 p<0.0001) and 60 min (6 ± 2 v 4 ± 1, p<0.0001) of the exercise period in the HIIE trial. 337
There was no difference in thermal sensation during the baseline and recovery periods 338 (p>0.05). Ratings of perceived exertion were higher in the HIIE trial after 10 (14 ± 2 v 10 ± 339 2, p=0.006), 20 (15 ± 1 v 11 ± 2, p<0.0001), 30 (16 ± 2 v 11 ± 2, p<0.0001), 40 (16 ± 2 v 11 340 ± 3, p<0.0001), 50 (17 ± 2 v 11 ± 2, p<0.0001) and 60 min (17 ± 2 v 11 ± 2, p<0.0001) of the 341 exercise period. Lightman, 1986). However in these latter studies serum osmolality decreased at either a 414 similar rate (Burrell et al., 1991) or at a slightly delayed rate (30-60 min) (Seckl et al., 1986) . 415
In the present study vasopressin concentration remained elevated, whilst thirst sensations 416 decreased after the initial post-exercise peak. Again, this is perhaps related to sensations of 417 thirst becoming quickly satiated once water intake occurs and also suggests that vasopressin 418
is not a direct stimulus of thirst. Increased serum osmolality increases vasopressin 419 concentrations and sensations of thirst, however it appeared that in the current study, water 420 intake satiated sensations of thirst quickly, whereas serum osmolality and vasopressin 421 concentrations were more delayed in returning to baseline levels following water intake. In 422 conjunction with the decrease in water intake during the final 30 minute period it would also 423 suggest that the increased blood lactate concentration and serum osmolality relationship may 424 have had an effect on maintaining vasopressin concentrations. 425
426
Although the total work rates performed throughout the trials were similar they were not 427 matched precisely. However, the study was effective in achieving its purpose of generating 428 significant differences in blood lactate concentrations between exercise conditions. 429
430
During the recovery period it appeared that two main variables were influencing the decrease 431 in serum osmolality from post-exercise peak values. The reduction of blood lactate 432 concentration and the intake of water both contributed to decreasing serum osmolality. As 433 the effect of no water intake was not assessed, determining the relative contributing effect of 434 each variable was difficult. However, when the effect of preventing or delaying water intake 435 following HIIE was assessed, similar decreases in serum osmolality, blood lactate and serum 436 sodium concentrations were found (Mears and Shirreffs, unpublished data). Delaying water 437 intake resulted in a similar voluntary water intake despite reduced serum osmolality values, 438
suggesting that once the desire to drink arose, sensations remained until satiated. 439
440

Conclusion 441
In conclusion, water intake following a period of HIIE was greater than an exercise period of 442 low intensity continuous exercise. The increased water intake in the HIIE trial was mainly 443 attributed to the increased water losses. In addition, the result of an increase in serum 444 osmolality and subsequent vasopressin release caused by an increased blood lactate 
